Objective: The aim of this study was to evaluate the differences in clinical outcomes of endoscopic retrograde cholangiopancreatography (ERCP), ERCP followed by cholecystectomy (EC) and percutaneous aspiration (PA) in the elderly population with choledocholithiasis. Methods: We included a total of 43 338 elderly patients aged 60 years or older and 45 295 patients younger than 60 years for comparison in our study. Data were obtained from the Nationwide Inpatient Sample (Healthcare Utilization Project) for years 2001-14 by identifying patients who were admitted for gallstone complications based on the ICD 9 diagnostic code. Multiple logistic regression was used to calculate the odds of in-hospital mortality and to detect statistical differences among the treatment groups, age groups and between male and female patients. Univariate ordinary linear regression was used to compare the length of hospital stay and readmission frequency among the different age groups. Results: The age of the patient affected mortality and the length of hospital stay after any type of procedure of gallstones removal. In a manner independent of the patient's age, PA was associated with the highest risk of death and length of stay, while the EC was characterized by lowest mortality and ERCP by the shortest length of stay. Neither age of the patient nor the type of procedure affected the likelihood of readmission. The odds of death and the probability of readmission were not affected by patient sex. However, in patients aged between 60 and 79 years, the female gender predicted a shorter duration of stay in the hospital. Conclusions: A patient's age negatively affects the treatment outcomes of cholelithiasis with associated complications. The EC procedure appears to be the method of choice for the management of complicated gallstones in patients of all ages.
Introduction
Cholelithiasis or gallstone disease is characterized by high prevalence ranging from 7 to 15% [1] [2] [3] . The treatment and morbidity associated with this condition constitute a significant financial burden [4, 5] . In 2012, there were almost 400 000 admissions for cholelithiasis with cholecystitis in the USA alone, and the aggregate expenses for in-hospital treatment exceeded 4 billion dollars [4] . Almost 2000 deaths (0.5%) were reported among the patients suffering from gallstone disease [4] . Moreover, although the causal mechanism is unknown, the presence of For commercial re-use, please contact journals.permissions@oup.com cholelithiasis is associated with a 30% higher all-cause mortality, mostly due to cardiovascular events and cancer [3] .
Between 5 and 30% of cholelithiasis patients have concurrent choledocholithiasis or gallstones lodged in the common bile duct (CBD) [6] [7] [8] . Endoscopic retrograde cholangiopancreatography (ERCP) is used for both diagnosis and treatment of choledocholithiasis [9] [10] [11] [12] . It can be implemented prior to, during or after cholecystectomy and is considered to represent a low-risk intervention. Annually, 1.3 million procedures are performed and an overall complication rate is 5-10% [13, 14] . Patients undergoing either ERCP or cholecystectomy have a 70% lower risk of biliary disease recurrence within 1 year [15] . In another study, ERCP alone was shown to reduce the recurrence by 37% [16] . These data are consistent with the conclusion that ERCP only is not sufficient to reach an optimal treatment outcome and that ERCP should be combined with cholecystectomy for adequate stone clearance [17] . In comparison with ERCP alone, a smaller number of stones remain in the CBD after cholecystectomy [18] . However, cholecystectomy after ERCP appears not to be necessary for patients with acalculous cholecystitis [19] .
With the increase in the age of the population [20] , the number of elderly patients undergoing treatment for symptomatic gallstones is expected to increase [21] . In fact, the proportion of emergency and elective surgical cases involving older patients is on the rise [22] . Of relevance, elderly surgical patients are characterized by higher indices of comorbidities than younger subjects [23] [24] [25] , posing an additional challenge in the management of gallbladder stones. Although the mortality rate after cholecystectomy remains low (0.2-0.3%) [26] [27] [28] , this fraction is increased in the older population and with increasing comorbidities. In fact, elderly patients were 7-10 times more likely to die post-operatively [26, 29] . Additionally, approximately 1% of patients who undergo laparoscopic cholecystectomy suffer from a procedure-related CBD injury. This adverse event is more common in the elderly and results more often in death in this age group [30] . Patients affected by diseases of the heart, lungs and kidneys, as well as type 2 diabetes-conditions more frequent in the older population-are more likely to die following cholecystectomy [27, 29, 31] .
In order to lessen the risk of morbidity and mortality associated with cholecystectomy, elderly patients are recommended to undergo laparoscopic instead of open cholecystectomy [32] . Elective surgeries are preferred over emergency surgery, as they have a lower perioperative risk [33] . ERCP was found to be safe and effective for the elderly [10, 12, 34, 35] . However, combining this method with laparoscopic cholecystectomy, while improving the removal of gallbladder stones, may lead to increased complications such as bile leaks or adhesions [36, 37] . Alternatively, the reason for these complications might not be the ERCP itself, but pre-existing pathologies that prompted the use of ERCP in the first place [38] . Regardless of the underlying cause-and-effect relationships, the use of ERCP positively correlates with the necessity for conversion from laparoscopic to open surgery [39] [40] [41] [42] .
To date, only one study compared the outcomes of patients who underwent ERCP with and without cholecystectomy among the elderly and concluded that cholecystectomy after the ERCP does not provide a benefit to patients older than 80 years [43] . In view of the limited information regarding the impact of various types of treatment of gallbladder disease in the oldest patients, we have designed a study aiming at the comparison of in-hospital mortality, length of hospital stay and readmission rates after ERCP alone and ERCP followed by laparoscopic cholecystectomy in patients 60 years of age or older. Patients undergoing percutaneous aspiration (PA) were also included in the comparisons, since this protocol is considered to be a third-line option for the management of complicated gallstone disease in surgically high-risk patients [44] . Since the female gender was postulated to have a protective role against the complications of gallstone treatment [15, 16] , the differences by gender were analysed as well.
Methods

Study design
This retrospective cohort study was performed using the Healthcare Cost and Utilization Project-Nationwide Inpatient Sample (HCUP-NIS) data from the years 2001-14. The HCUP-NIS is a national database of patients admitted to hospitals across the USA. The study included patients 60 years of age or older who were assigned the ICD 9 diagnostic codes of cholelithiasis with associated complications such as choledocholithiasis (574.xx). Three treatment groups were analysed: patients who underwent ERCP with cholecystectomy, patients who underwent ERCP only and patients who were treated with PA only. Subjects with incomplete data and those who had complications of gallbladder perforation were excluded from the analysis. Patients with open cholecystectomy were excluded. A total of 43 338 patients satisfied the inclusion and exclusion criteria of the study; 20 462 patients underwent ERCP with laparoscopic cholecystectomy (the EC group), 21 938 patients underwent ERCP alone (the ERCP group) and 938 patients underwent percutaneous aspiration (the PA group). For comparison with the younger population, data of 45 295 patients younger than 60 years was included (mean age: 40.49 6 13.02 years) for comparison.
Statistical analysis
Statistical analysis was performed with the SAS statistical package, version 9.4. Multiple logistic regression was used to calculate the odds of in-hospital mortality and to detect statistical differences among the treatment groups (EC, ERCP and PA), among the age groups (less than 60 years, 60-69 years, 70-79 years and 80 years or older) and between male and female patients. Univariate ordinary linear regression was used to compare the length of hospital stay and readmission frequency among the groups. In all analyses, the results were corrected for confounding variables, such as the age at admission, gender and comorbidities; a full list of performed adjustments is included under each table. Data are presented as a mean 6 standard deviation. A P-value 0.05 was considered statistically significant.
Results
Patients
The average age of the elderly patients included in the study was 75.6 6 8.7 years. Small but statistically significant differences in age were present among the treatment groups, with the EC patients being the youngest and the PA patients being the oldest. Males constituted a majority of EC and ERCP patients, while both genders were equally represented in the PA group. In each treatment group, the patients were predominantly Caucasian, and the proportion of Caucasian patients did not differ among the groups. Approximately half of the EC procedures were performed in a fully equipped operating room, while a significantly higher fraction, more than 90%, of ERCP and PA treatments took place outside operating rooms. Patients undergoing ERCP and PA were more likely to be affected by a chronic disease than those subjected to EC ( Table 1 ). The incidence of ischemic heart disease, heart failure, chronic obstructive pulmonary disease and cancer was, respectively, 71, 178, 32 and 116% higher in PA than in the EC patients. All differences among the treatment groups were accounted for in subsequent analyses that were corrected for confounding variables.
In-hospital mortality
In comparison with the younger group, less than 60 years of age, the rate of death following removal of gallbladder stones was significantly increased in patients aged 60 years or older (Table 2 and Supplementary Table 1) . Specifically, the unadjusted in-hospital mortality in the age group greater than 60 years of age compared to those less than 60 years old was 12.1-fold (1.21 vs 0.1%), 4.3-fold (2.09 vs 0.49%) and 1.7-fold (18.87 vs 11.14%) higher in patients undergoing EC, ERCP and PA, respectively. In all age groups, ERCP carried higher odds of death than EC and PA was associated with higher odds of death than EC and ERCP (Table 2) .
Among the older cohort of patients, stratified by 10-year age intervals, the effect of age on the rate of death was dependent on the type of procedure performed. In comparison with patients 60-69 years old, the odds of in-hospital death after EC were 2.65-fold higher in the 70-to 79-year-old group and 4.82-fold higher in patients 80 years of age or older. However, in patients undergoing ERCP, the age had a much smaller impact on the rate of death; corresponding values were, respectively, 1.16-fold and 1.36-fold, and only the latter change was statistically significant. Moreover, there was no difference in the rate of death following the PA treatment among the three age groups. In comparison between the groups of 70-to 79-year-old patients and those aged 80 years or older, higher mortality was noted only in the EC group, but not in the ERCP and PA groups (Supplementary Table 2 ). When comparing patients by 10 year age intervals, patients aged 60-69 years of age undergoing ERCP only had an increased in-hospital mortality rate 7.30 times higher than those undergoing EC. Patients undergoing PA in this age group had a 100.89 times higher risk of in-hospital mortality compared to those undergoing EC. In patients aged 70-79, ERCP only was associated with a 2.95-fold higher in-hospital mortality than those undergoing EC. PA in this age group was associated with a 25.74-fold higher risk of in-hospital death when compared to EC. In the 80þ age group of patients, those who underwent ERCP only had a higher mortality rate of 2.03-fold higher mortality rate than the EC group. Patients in this age group undergoing PA had a 17.24-fold higher in-hospital death rate than those undergoing EC ( Table 2) .
A patient's gender did not affect the rate of death after EC, ERCP or PA, regardless whether all patients 60 years or older were considered together or were stratified according to their age using the 10-year intervals. The overall pattern of the impact of the type of procedure on the risk of death, with PA being associated with the highest odds, followed by ERCP and EC, was not changed when the analysis was performed separately for male and female patients (Supplementary Table 3 ).
Post-operative hospital length of stay
The length of stay in the hospital after the treatment differed between patients aged 60 years or older and the younger group (Table 3 and Supplementary Table 4 ). The unadjusted length of stay was 22% (7.8 vs 6.1 days) and 11% (7.2 vs 6.5 days) longer in older patients undergoing EC and ERCP, respectively. In contrast, older patients subjected to PA were characterized by 16% shorter hospital stay (15.5 vs 18.4 days) than the younger group treated by the same protocol. In patients 60 years or older, ERCP was associated with shorter length of stay than EC and PA in all age groups including 60-69, 70-79 and 80þ age groups; the latter procedure was characterized by almost two-fold longer hospital stay than EC and ERCP (Table 3) . Indicate a statistically significant difference vs EC and ERCP groups, respectively.
Among the patients undergoing the EC treatment, those aged 80 years or more had the longest duration of stay in the hospital after surgery, followed by the 70-to 79-year-old and 60-to 69-year-old patients. The differences between these three age groups were statistically significant. In contrast, the length of stay after ERCP was not dependent on age. Patients undergoing PA who were aged 80 years or older were staying in the hospital for approximately 3 days (25%) shorter period than patients aged 60-69 and 70-79 years (Supplementary Table 5 ).
When analysis in the combined group of older patients was performed separately for men and women, the length of stay continued to be shortest after ERCP and longest after PA in both sexes. Of relevance, females 60 years or older had a shorter hospital stay following any type of treatment than men. However, when the patients were stratified according to their age using the 10-year intervals, the gender difference was present only in patients 60-69 years old, but not in patients aged 70-79 and more than 80 years (Supplementary Table 6 ).
Readmission related to gallbladder disease
For this analysis, data of patients admitted in 2010 and followed up until 2014 were utilized. There were no statistically significant differences in the rates of hospital readmission due to complications of gallbladder disease among those patients who underwent ERCP, those who underwent ERCP with cholecystectomy and those who were subjected to PA in any of the age groups studied (Table 4 and Supplementary Table 7 ). In addition, neither age nor gender had an effect on the fraction of patients that had to be readmitted (Supplementary Tables 8 and 9 ).
Discussion
The results of the present study indicate that the age of the patient is a significant factor determining the likelihood of death and the length of hospital stay after any type of procedure of gallstones removal. In a manner independent of the patient's age, PA is associated with the highest risk of death and length Adjusted for age, gender, ethnicity (white/others), major operating room procedure (yes/no), ischemic heart disease, heart failure, chronic obstructive pulmonary disease and cancer. Adjusted for age, gender, ethnicity (white/others), major operating room procedure (yes/no), ischemic heart disease, heart failure, chronic obstructive pulmonary disease and cancer.
of stay, while the EC with the lowest mortality and ERCP with the shortest length of stay. Neither age of the patient nor the type of procedure affects the likelihood of necessity for hospital readmission for issues related to gallbladder disease. A patient's sex does not affect the odds of death after the treatment and the probability of being readmitted to the hospital. However, in patients aged between 60 and 79 years, the female gender predicts a shorter duration of stay in the hospital. Additional relevant information was obtained when subanalysis by age group was performed. Although mortality was found to be significantly higher in ERCP compared to EC in patients 60-79 years old, death rates were found to be comparable between these two protocols in patients more than 80 years old. Therefore, ERCP with cholecystectomy was found to be more beneficial than ERCP alone for patients of all age groups. Of note, a similar conclusion was reached in a study by Yasui et al. [43] , who found a comparable rate of complications and recurrence of stones between patients who did and did not undergo cholecystectomy.
Several other studies provide information relevant to the interpretation of the current results. The rate of conversion to open surgery was shown to be highest in the population of octogenarians [45] , which may be an additional factor contributing to higher mortality and longest in-hospital stay reported here for the oldest group of subjects. In another study, data obtained in patients aged more than 65 years indicated that the relapse of gallstone-related disease was two times more frequent in ERCP patients than in those undergoing cholecystectomy [46] . A much smaller, 16.8%, difference was seen in our analysis, and it did not reach statistical significance; the reason for this discrepancy remains to be established. In agreement with our results, a study including 152 patients did not find differences in the rate of complications following cholecystectomy between a group of older (average age 78 years) and younger (average age 68 years) patients [47] . Finally, it has been reported that age over 65 years is strongly associated with a higher probability of bile duct injury [48] ; this might have been an additional factor contributing to longer inhospital stay of older patients documented in the current study.
A shorter hospital stay was observed in patients after ERCP compared to EC. This contradicts the findings of a metaanalysis of eight trials that showed comparable results between ERCP and EC [18] . Previous studies also reported that the number of retained stones is lower when surgical treatment is done [17, 18] . However, the present work does not support this notion, since readmission rates were found to be comparable between ERCP and EC. The readmission rate was only 7% even if the stones were removed via ERCP. It must be noted, however, that this rate is considerably lower in comparison with a study by Bergman et al. [15] , in which a third of the patients experienced a recurrence of the disease within 2 months.
The accumulated data indicate that the management of cholelithiasis with associated complications poses a challenge in elderly patients. The clinical relevance of the finding of the current analysis is further broadened by the fact that the prevalence of gallstone disease increases with age [21, 49] and the human population is aging; the number of people aged 65 years or more is predicted to double by 2050 [20] . A combination of these two trends can be expected to result in a dramatic increase in the incidence of gallbladder disease in the near future. Therefore, the paucity of data on the clinical outcomes of different types of treatment is disconcerting. The only published study involving a large number of patients from multiple healthcare establishments provided valuable information regarding the impact of the age of patients on clinical outcomes but failed to analyse the contribution of the type of procedure employed [49] . Also, the important question of whether the patient's gender affects the outcome was not addressed.
The available data on gender differences in the outcomes of the treatment of gallbladder disease are conflicting. A study utilizing the large HCUP-NIS database documented that women admitted with cholecystitis had lower in-hospital mortality than men and shorter length of in-hospital stay [50] . However, the women included in that study were younger and had fewer comorbidities than men, and the racial composition was different in the two sex groups. These variables might have influenced the gender difference in mortality, which was not detected in our study. In agreement with the present work, the length of post-operative hospital stay was shown to be longer in men when patients undergoing laparoscopic cholecystectomy were analysed [47] . Another study, also focused on laparoscopic Adjusted for age, gender, ethnicity (white/others), major operating room procedure (yes/no), initial admission month (January through December), ischemic heart disease, heart failure, chronic obstructive pulmonary disease and cancer at the time of initial admission.
cholecystectomy, failed to identify gender differences in clinical outcomes of the procedure [51] . In contrast, in a North Korean population, complications of the laparoscopic protocol, such as hydrops, empyema, pericholecystic abscess and gangrene, were more frequent in males [52] . It is unclear whether this difference is related to the ethnicity of the patients or reflects the specific types of complications that were taken into account. In this regard, male gender was shown to be associated with a higher incidence of local post-operative complications of laparoscopic cholecystectomy, but not with systemic complications [33] . It should be emphasized that the present study has the advantage of analysing the gender difference in the context of age and the type of procedure performed. Such a comprehensive approach to the question of gender differences in the outcomes of gallbladder disease treatment was never before applied. Limitations of the current study have to be acknowledged. The specific type of complications associated with cholelithiasis was not taken into account. By design, the study did not include outpatient cholecystectomy procedures, which are likely to include less complicated cases [40] . It must also be noted that, because of the large size of the patient population, not all statistically significant findings must be inevitably clinically meaningful. Lastly, the skills of the medical personnel could affect patient outcomes. However, the large number of facilities that generated the data deposited in the HCUP-NIS database minimizes the impact of this potential variability. The nature of this database prevents yielding specific information about the procedures involved and other comorbidities that may have contributed to mortality of the patients included in the study. This creates inherent bias that is unfortunately unavoidable due to the nature of the database.
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